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Key indicators: single-crystal X-ray study; T = 293 K; mean o-(C-C) = 0.007 A; 
R factor = 0.043; wR factor = 0.056; data-to-parameter ratio = 18.9. 



Experimental 

Crystal data 

[Fe3(C3H6S2)2(CO)7] 
M, = 576.02 
Orthorhombic, P2i2i2i 
a = 10.251 (3) A 
b = 12.838 (4) A 
c = 30.915 (9) A 

Data collection 

Rigaku Satum724+ CCD 

diffractometer 
Absorption correction: multi-scan 

(CrystalOear; Rigaku, 2007) 

r„i„ = 0.592, r„„,, = 1.000 

Refinement 

R[F^ > 2a(F^)] = 0.043 

wR(F^) = 0.056 

S = 0.86 

9231 reflections 

488 parameters 

H-atom parameters constrained 



V = 4068 (2) A" 
Z = 8 

Mo Ka radiation 
jLt = 2.55 mm^' 
r = 293 K 

0.25 X 0.20 X 0.12 mm 



35336 measured reflections 
9231 independent reflections 
8082 reflections with / > 2cr(/) 
Ri^, = 0.071 



Ap„ax = 0.43 e A"' 

Ap„i„ = -0.56 e A"' 

Absolute structure: Flack (1983), 

4075 Friedel pairs 
Absolute structure parameter: 

0.016 (13) 



The trinuclear title compound, [Fe3(C3H6S2)2(CO)7], is a 
mixed-valent FeVFe" complex and crystallizes with two 
molecules of similar configuration in the asymmetric unit. 
The three Fe atoms in each molecule display a bent 
arrangement [Fe-Fe-Fe = 156.22 (4) and 157.06 (3)°]. Both 
outer Fe' atoms are six-coordinated in a distorted ocahedral 
coordination geometry defined by the bridging Fe'' atom, 
three carbonyl C atoms and two bridging S atoms. The 
coordination number of the central Fe" atom is seven and 
includes bonding to the two outer Fe' atoms, four bridging S 
atoms and one carbonyl C atom. The resulting coordination 
polyhedron might be described as a highly distorted mono- 
capped trigonal prism. In the crystal packing, the molecules 
exhibit a chain-like arrangement parallel to [100] and [001], 
and the resulting layers are stacked along [010]. The cohesion 
of the structure is dominated by van der Waals interactions. 

Related literature 

For models of the active sites of Fe—Fe hydrogenases, see: 
Tard et al. (2005); Best et at. (2007). For the structures of 
similar trinuclear mixed-valence iron complexes, see: Winter et 
al. (1982); Ghosh et al. (2011). 




Data collection: CrystalClear (Rigaku, 2007); cell refinement: 
CrystalClear; data reduction: CrystalClear, program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008) and Mercury (Macrae et al, 2006); 
software used to prepare material for publication: publCIF (Westrip, 
2010). 
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Heptacarbonylbis(M-proparie-1^3-dithiolato)triirori(l^ll)(2 Fe — Fe) 
Mingqiang Hu^ Chengbing Ma^ Huimin Wen^ Honghua Cui and Changneng Chen 

1 . Comment 

The title compound, [Fe""3(C3H6S2)2(CO)7] (1), was prepared as a model compound for the active sites of Fe — Fe 
hydrogenases and structurally characterized by single-crystal X-ray diffraction. Such models have been reported for 
similar other compounds, e.g. Fe4[H3CC(CH2S)3]2(CO)8 (Tard et al, 2005) and [Fe4(S(CH2)2S)2(CO)2(CO)8]2'- (Best et al, 
2007). 

Compound (I) crystallizes with two independent trinuclear iron molecules in the asymmetric unit. Formally, the three 
iron atoms in each molecule exhibit a mixed-valence, with the central Fe atom in oxidation state +11 and the two lateral 
Fe atoms in oxidation state +1. Both molecules have a similar configuration and similar bond lengths and angles. The 
three Fe atoms display a slightly bent Fes core with Fe — Fe — Fe angles of 156.22 (4)° and 157.06 (3)°), respectively (Fig. 
1). The outer Fe' atoms are each six-coordinated by the central Fe" atom (Fe — Fe: — 2.56 A), by three terminal carbonyl 
C atoms and by two bridging S atoms (Fe — S: — 2.26 A), leading to an overall distorted octahedral coordination 
environment. The central Fe° atom is seven-coordinated. It is bound to the two lateral Fe atoms, to four bridging S atoms 
(Fe — S: — 2.23-2.27 A) and to one carbonyl group (Fe — C: — 1.76 A), completing a highly distorted monocapped 
trigonal-prismatic coordination environment. 

In the crystal, the molecules are arranged in chains extending parallel to [100] and [001], resulting in a layer-like 
arrangement. These layers are stacked along [010] (Fig. 2). The main forces keeping the structure stabilized are van der 
Waals interactions. 

Structures of similar trinuclear mixed- valence iron complexes have been reported by Winter et al. (1982) and Ghosh et 
al. (2011). 

2. Experimental 

Reactions were carried out under an atmosphere of purified nitrogen, using standard Schlenk techniques. 5 g of Fe3(CO)i2 
were suspended in 200 mL of THF followed by the addition of two equivalents of 1,3-propanedithiol. The reaction 
mixture was stirred at 343 k until its color changed fi-om deep green to dark red. The reaction mixture was allowed to 
cool to room temperature and was filtered. The volume was reduced under vacuum to ca. 5 mL, and passed through a 25 
X 3.0 cm column of silica gel, eluting with hexane. The elutmg CII2CI2 solution of a second run was collected and 
evaporated to dryness under vacuum. Red crystals of (I) were obtained from a hexane/CH2Cl2 solution at 253 K. 

3. Refinement 

H atoms bonded to C atoms were included in calculated positions with C — = 0.97A, and refined in a riding-model 
approximation with {7iso(H) = \ .2U^(C). 
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Figure 1 

The molecular structure of (I) with displacement ellipsoids drawn at the 30% probability level. Only one of the two 
independent molecules is displayed, and H atoms have been omitted for clarity. 




Figure 2 

A packing diagram for (I), viewed along [100]. H atoms have been omitted for clarity. 



Heptacarbonylbis(^-propane-l,3-dithiolato)triiron(l,ll)(2 Fe — Fe) 



Crystal data 

[Fe3(C3H6S2)2(CO)7] 

M, = 576.02 
Orthorhombic, P2i2i2i 
Hall symbol: P 2ac 2ab 
fl= 10.251 (3) A 
Z>= 12.838 (4) A 
c = 30.915 (9) A 



K=4068 (2) A3 
Z=8 

7^(000) = 2304 

Z)x= 1.881 Mgm-3 

Mo Ka radiation, 1 = 0.710747 A 

Cell parameters from 13590 reflections 

61 = 2.1-27.4° 
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fi = 2.55 mm ' 
r=293 K 

Data collection 

Rigaku Satum724+ CCD 

difiractometer 
Graphite Monochromator monochromator 
Detector resolution: 28.5714 pixels mm"' 
CCD Profile fitting scans 
Absorption correction: multi-scan 

(CrystalClear; Rigaku, 2007) 
7U = 0.592, r™x= 1.000 

Refinement 

Refinement on P- 
Least-squares matrix: full 

> 2a{py[ = 0.043 
wR{I^) = 0.056 
5=0.86 
9231 reflections 
488 parameters 
0 restraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 



Prism, red 

0.25 X 0.20 X 0.12 mm 



35336 measured reflections 
923 1 mdependent reflections 
8082 reflections with /> 2(7(1) 
i?i„. = 0.071 

Omax 27,4 , Ormn 2,5 

A = -8^13 
A: = -16^16 
/ = -40^40 



Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 

where P = (i^o^ + 2Fe2)/3 
(MaU, = 0.001 
Apn^ax = 0.43 e 
AjOmM = -0.56 e 

Absolute structure: Flack (1983), 4075 Friedel 

pairs 

Absolute structure parameter: 0.016 (13) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the fiill 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of against ALL reflections. The weighted 7?-factor wR and goodness of fit S are based on F^, 
conventional i?-factors R are based on F, with F set to zero for negative F^. The threshold expression of > (j(F^) is used 
only for calculatmg i?-factors(gt) etc. and is not relevant to the choice of refiections for refinement, ^-factors based on P- 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 




Fel 


1.04804 (6) 


0.49655 (6) 


0.03335 (2) 


0.04003 (16) 


Fe2 


0.81125 (6) 


0.50119(5) 


0.059552 (18) 


0.03290 (14) 


Fe3 


0.61279 (7) 


0.57503 (6) 


0.09894 (2) 


0.04215 (17) 


Fe4 


0.36509 (6) 


0.91038 (5) 


0.19958 (2) 


0.03942 (16) 


Fe5 


0.12719(6) 


0.97257 (5) 


0.198539 (19) 


0.03369 (15) 


Fe6 


-0.07197 (6) 


1.07640 (5) 


0.17247(2) 


0.03880 (16) 


SI 


0.98615 (11) 


0.53021 (9) 


0.10260 (3) 


0.0396 (3) 


S2 


0.90097 (12) 


0.62123 (9) 


0.01479 (4) 


0.0416(3) 


S3 


0.70965 (11) 


0.42116(10) 


0.11404(4) 


0.0434 (3) 


S4 


0.61473 (11) 


0.51916(9) 


0.02945 (3) 


0.0414(3) 


S5 


0.22266 (12) 


0.87810 (10) 


0.14501 (4) 


0.0425 (3) 


S6 


0.30258 (12) 


1.07940(10) 


0.19239(4) 


0.0463 (3) 


S7 


0.02210 (12) 


1.09168 (9) 


0.23814 (4) 


0.0413 (3) 
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Atomic displacement parameters (A^) 
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S8 


0.0366 (6) 


0.0348 (6) 


0.0414 (6) 


-0.0041 (5) 


0.0013 (5) 


-0.0050 (5) 


CI 


0.045 (3) 


0.063 (4) 


0.051 (3) 


0.000 (3) 


0.007 (2) 


0.002 (3) 


C2 


0.055 (3) 


0.085 (4) 


0.044 (3) 


-0.012 (3) 


-0.003 (3) 


0.017 (3) 


C3 


0.045 (3) 


0.059 (4) 


0.053 (3) 


0.001 (3) 


-0.001 (2) 


0.006 (3) 


C4 


0.071 (4) 


0.066 (4) 


0.053 (3) 


0.021 (3) 


-0.017 (3) 


-0.015 (3) 


C5 


0.064 (4) 


0.065 (4) 


0.045 (3) 


0.006 (3) 


0.005 (3) 


-0.002 (3) 


C6 


0.057 (4) 


0.097 (5) 


0.046 (3) 


0.019 (4) 


-0.006 (3) 


-0.013 (3) 


C7 


0.045 (3) 


0.056 (3) 


0.054 (3) 


-0.004 (3) 


-0.006 (2) 


-0.005 (3) 


C8 


0.063 (4) 


0.045 (3) 


0.052 (3) 


0.001 (3) 


0.007 (3) 


0.000 (2) 


C9 


0.045 (3) 


0.070 (4) 


0.053 (3) 


-0.002 (3) 


0.006 (2) 


-0.008 (3) 


CIO 


0.060 (4) 


0.059 (4) 


0.051 (3) 


0.010(3) 


0.001 (3) 


0.008 (3) 


Cll 


0.059 (4) 


0.048 (3) 


0.052 (3) 


0.006 (3) 


0.006 (3) 


-0.002 (3) 


C12 


0.055 (4) 


0.047 (3) 


0.050 (3) 


0.004 (3) 


-0.004 (3) 


0.007 (2) 


C21 


0.083 (4) 


0.039 (3) 


0.057 (3) 


-0.003 (3) 


-0.018 (3) 


0.005 (2) 


C22 


0.088 (5) 


0.035 (3) 


0.067 (4) 


-0.002 (3) 


-0.026 (3) 


-0.005 (3) 


C23 


0.072 (4) 


0.044 (3) 


0.050 (3) 


-0.012 (3) 


-0.014 (3) 


-0.001 (2) 


C31 


0.050 (3) 


0.053 (4) 


0.075 (4) 


-0.013 (3) 


-0.007 (3) 


0.014 (3) 
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U.U4/ (4) 


A AT> /'A\ 

(J.U /z (4) 


O.Ooo (4) 


A A1 1 

— O.Ozl (3) 


A AAO 

—0.005 (3) 


A AAC 

—0.003 (3) 


C33 


0.1)4/ (J) 


A AjCI //I ^ 
U.Uo3 (4) 


A ACC /1\ 

O.ODD (3) 


A A1 A /"3\ 

—0.014 (3) 


A A 1 A 

—0.010 (Z) 


A A1 T 

—0.01 / (3) 


/"'CI 
CM 


U.Uj4 (3 ) 


A AO A /C \ 

U.Uo4 (D) 


0.03 / (3J 


A A AT 

—0.00/ (3) 


A AAO /''*)\ 

O.OOo (z) 


A AA1 

—0.001 (5) 




U.UD / (4J 


A AT/I //1\ 

U.U /4 (4J 


A ACO /-IX 

O.Ojz (5) 


A AAT 

0.00/ (3) 


A A1 O /-IX 

0.01 5 (5) 


A A1 o 

O.Olo (3J 




A AC y1 //I \ 

U.Uj4 (4) 


A A/1 /"I \ 

U.U4o (3) 


A AOA //IX 

O.OdO (4) 


A AAT 

—0.00/ (3) 


A A1 C 

O.OO (3) 


A A1 O 

0.015 (3) 


C/i 


A ACT 

O.Uj / (3 j 


A ACT 

O.Uj / (3) 


A A1 £i /'0\ 

0.036 (Z) 


A AA1 

0.003 (3) 


A AAO /0\ 

0.006 (z) 


A AAT /0\ 

—0.00/ (z) 


C/z 


U.U43 (3) 


A AC 1 

U.UM (3 J 


A A/1 A 

0.044 (3) 


A A A /I /'^\ 

0.004 (Z) 


A A1 O /'0\ 

O.Olz (Z) 


A AAO /'0^ 

— O.OOz (z) 




A A/1 Q /"2\ 

U.U43 (3j 


A A/1 0 

U.U4o (3 ) 


A AC 1 /"2\ 

O.OjI (3j 


A AA/1 /'0\ 

— U.004 (z) 


A AAT /''>^ 

0.00 / (Z) 


A AAQ 

0.003 yZ) 


cy i 


A A'2 Q /"2\ 

U.Uio (3) 


A ACO /"2\ 

U.Ujz (3 J 


A ACC /"2\ 

O.Oj J (3 j 


A AA1 /o^ 
— U.OOi (zj 


A AA/C /OA 

O.OOo (zj 


A AA^ 

—O.OOo (3j 




A A1 Z /I \ 

0.(J3j (3) 


A A/1 O /I \ 

0.045 (3) 


A A /I O /I \ 

0.045 (3j 


A AA 1 /0\ 

0.001 (zj 


A AA 1 /OA 

—0.001 (Zj 


A AAA /'0\ 

0.000 (z) 


Ul 


A ATO t1\ 

U.U/o (3J 


0.0 /o (3) 


A A A 1 

o.oyi (3) 


0.03O (3) 


A AA/C /'0\ 

O.OOo (z) 


A AOA /'0\ 

O.OzO (zj 


U2 


A A/; 1 /I \ 

U.Uol (3) 


A 1 OO ^A\ 

[jazz (4) 


A AA/I /1\ 

U.0y4 (3) 


A A /I /I /I \ 

—0.044 (3) 


A AAC /0\ 

— O.OOj (z) 


A A1 1 \ 

0.033 (3) 


U3 


A AOA 

U.UoU (3 ) 


A AOC 

O.Ooj (3J 


A A/IT 

0.04/ (^z) 


A AAC 

O.OOj (^zJ 


A AA/1 

0.004 (zj 


A A1 1 /'0\ 

—0.011 (zj 


U4 


A 1 CA /C\ 

u.i jy 


A ACO 

O.Odz (3J 


A AOC 

O.OoD (3) 


A AIA 

0.03y (3) 


A A/1 1 /'2\ 

—0.041 (3) 


A f\f\1 /"OA 

—0.003 (z) 


UD 


Alio 

O.ilz (4) 


A AAA /A\ 

o.oyy (4) 


A A /I A /0\ 

o.04y (z) 


A A 1 T /I \ 

—0.01 / (3) 


A AO /I /'0\ 

— 0.0z4 (z) 


A A1 A <'0\ 

— o.oiy (z) 


Uo 


A AC1 /1\ 

O.Uj3 (3) 


A 1 /CO /CX 

O.lOd (j) 


A AT 1 /I \ 

O.U / 1 (3) 


A A1 1 /"3\ 

O.Oil (3) 


A AAA /0\ 

u.uuy (z) 


A A1 A /1\ 

— O.OiO (3) 


U/ 


A A/1 /"OA 


A 1 AA /"^A 
O.iOO (3 ) 


A AT/^ 

0.0 /o (3 J 


A AAA 
— O.OOy (Z) 


A A 1 c /o^ 
0.0 O (z) 


A A1 1 /O'V 

—O.Oil (zj 


Uo 


A IOC 

U.lzD (4) 


0.04O (3) 


A AAC 

o.oyo (3) 


A A1 1 
0.011 (3) 


A A1 '3 

0.013 (3) 


A AAA /0\ 

o.ooy (Z) 




w.woo J 




0 OSS 

v.U J J i^Z J 


— 0 01 s 
w.w 1 J ^ 


—0 010 (1\ 


—0 07"^ 

^^^^ 


OlO 


0.118(4) 


0.109 (4) 


0.040 (2) 


0.014 (3) 


-0.010(2) 


-0.003 (2) 


on 


0.114(4) 


0.049 (3) 


0.088 (3) 


-0.007 (3) 


0.031 (3) 


0.011 (2) 


012 


0.054 (3) 


0.087 (3) 


0.081 (3) 


0.020 (2) 


0.000 (2) 


0.004 (2) 


091 


0.067 (3) 


0.053 (3) 


0.103 (3) 


-0.007 (2) 


0.009 (2) 


-0.037 (2) 


092 


0.052 (2) 


0.079 (3) 


0.060 (2) 


0.005 (2) 


0.0071 (19) 


0.030 (2) 



Geometric parameters (A, °) 


Fel— C2 


1.791 (5) 


C3— 03 


1.136(5) 


Pel— C3 


1.802 (5) 


C4— 04 


1.135 (6) 


Fel— CI 


1.823 (5) 


C5— 05 


1.131 (5) 


Fel— S2 


2.2724 (14) 


C6— 06 


1.156 (6) 


Fel— SI 


2.2743 (14) 


C7— 07 


1.154 (5) 


Fel— Fe2 


2.5596 (11) 


C8— 08 


1.131 (5) 


Fe2— C91 


1.764 (5) 


C9— 09 


1.132(5) 


Fe2— S4 


2.2310(13) 


CIO— OlO 


1.140 (5) 


Fe2— S3 


2.2311 (13) 


Cll— Oil 


1.152 (6) 


Fe2— SI 


2.2637 (13) 


C12— 012 


1.142 (6) 


Fe2— S2 


2.2662 (13) 


C21— C22 


1.498 (6) 


Fe2— Fe3 


2.5534 (10) 


C21— H21A 


0.9700 


Fe3— C6 


1.783 (6) 


C21— H21B 


0.9700 


Fe3— C4 


1.802 (6) 


C22— C23 


1.503 (6) 


Fe3— C5 


1.806 (5) 


C22— H22A 


0.9700 


Fe3— S3 


2.2596 (15) 


C22— H22B 


0.9700 


Fe3— S4 


2.2648 (13) 


C23— H23A 


0.9700 


Fe4— C7 


1.790 (5) 


C23— H23B 


0.9700 


Fe4— C8 


1.812 (5) 


C31— C32 


1.529 (6) 


Fe4— C9 


1.813(5) 


C31— H31A 


0.9700 


Fe4— S5 


2.2692 (14) 


C31— H31B 


0.9700 


Fe4— S6 


2.2734 (15) 


C32— C33 


1.528 (6) 


Fe4— Fe5 


2.5662(11) 


C32— H32A 


0.9700 
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Fe5— C92 
Fe5— S8 
Fe5— S7 
Fe5— S6 
Fe5— S5 
Fe5 — Fe6 
Fe6— Cll 
Fe6— C12 
Fe6— CIO 
Fe6— S7 
Fe6— S8 

51— C23 

52— C21 

53— C31 

54— C33 

55— C51 

56— C53 

57— C71 

58— C73 
CI— Ol 
C2— 02 



1.757(4) 
2.2310(13) 
2.2355 (13) 
2.2693 (14) 
2.2731 (14) 
2.5679(10) 
1.796 (5) 
1.799 (5) 
1.801 (5) 
2.2562 (14) 
2.2604 (14) 
1.814(5) 
1.826 (4) 
1.818(5) 
1.836 (4) 
1.827(4) 
1.835 (5) 
1.830(4) 
1.829(4) 
1.131 (6) 
1.138(6) 



C32— H32B 
C33— H33A 
C33— H33B 
C51— C52 
C51— H51A 
C51— H51B 
C52— C53 
C52— H52A 
C52— H52B 
C53— H53A 
C53— H53B 
C71— C72 
C71— H71A 
C71— H71B 
C72— C73 
C72— H72A 
C72— H72B 
C73— H73A 
C73— H73B 
C91— 091 
C92— 092 



0.9700 

0.9700 

0.9700 

1.519(6) 

0.9700 

0.9700 

1.516(6) 

0.9700 

0.9700 

0.9700 

0.9700 

1.503 (6) 

0.9700 

0.9700 

1.506 (5) 

0.9700 

0.9700 

0.9700 

0.9700 

1.165 (5) 

1.170 (5) 



C2— Fel- 
C2— Fel- 
C3— Fel- 
C2— Fel- 
C3— Fel- 
Cl— Fel- 
C2— Fel- 
C3— Fel- 
Cl— Fel- 
S2— Fel- 
C2— Fel- 
C3— Fel- 
Cl— Fel- 

52— Fel- 
Sl— Fel- 
C91— Fe2- 
C91— Fe2- 
S4— Fe2- 
C91— Fe2- 
S4— Fe2- 

53— Fe2- 
C91— Fe2- 

54— Fe2- 

53— Fe2- 
Sl— Fe2- 
C91— Fe2- 

54— Fe2- 



-C3 

-CI 

-CI 

-S2 

-S2 

-S2 

-SI 

-SI 

-SI 

SI 

-Fe2 

-Fe2 

-Fe2 

Fe2 

Fe2 

-S4 

-S3 

S3 

-SI 

SI 

SI 

-S2 

■S2 

■S2 

■S2 

-Fe3 

Fe3 



96.0 (2) 
97.9 (2) 

92.8 (2) 
98.35 (19) 
89.15 (16) 
163.32 (17) 
96.21 (17) 
167.26 (16) 
89.23 (16) 
85.34 (5) 

139.53 (19) 
112.12(16) 
108.69 (16) 
55.56 (4) 
55.47 (3) 
94.73 (16) 
93.42 (16) 
86.62 (5) 

104.54 (16) 
160.62 (5) 

90.09 (5) 
102.08 (16) 
92.37 (5) 
164.50 (6) 
85.73 (5) 
135.28 (15) 
56.02 (4) 



C21— S2— Fel 
Fe2— S2— Fel 
C31— S3— Fe2 
C31— S3— Fe3 
Fe2— S3— Fe3 
C33— S4— Fe2 
C33— S4— Fe3 
Fe2— S4— Fe3 
C51— S5— Fe4 
C51— S5— Fe5 
Fe4— S5— Fe5 
C53— S6— Fe5 
C53— S6— Fe4 
Fe5— S6— Fe4 
C71— S7— Fe5 
C71— S7— Fe6 
Fe5— S7— Fe6 
C73— S8— Fe5 
C73— S8— Fe6 
Fe5— S8— Fe6 

01— CI— Fel 

02— C2— Fel 

03— C3— Fel 

04— C4— Fe3 

05— C5— Fe3 

06— C6— Fe3 

07— C7— Fe4 



107.53 (17) 
68.66 (4) 
112.00(17) 
111.15 (17) 
69.30 (4) 
111.44(16) 
111.68(16) 
69.21 (4) 
109.19(17) 

115.02 (18) 
68.80 (4) 
114.44(16) 
108.24(17) 
68.79 (5) 
111.96(16) 

111.03 (15) 
69.74 (4) 
111.49 (16) 
111.43 (15) 
69.74 (4) 
178.7 (5) 

178.4 (6) 

177.1 (5) 

178.4 (6) 
179.7 (6) 

178.5 (5) 

178.2 (5) 
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s3 — re2 — bei 


C C OO / A\ 

55.88 (4) 


U8 — C8 — Fe4 


1 nn o f c\ 

177.8 (6) 


SI — Fez — ^Fe3 


106.83 (4) 


09 — C9 — Fe4 


1 T O A //'X 

178.0 (6) 


S2 — ^Fe2 — ^Fe3 


111.23 (5) 


OlO — CIO — ^Fe6 


178.6 (5) 


cyi — teZ — tel 


68.35 (15) 


(Jll — Cll — re6 


1 TO C /£\ 

178.5 (6) 


S4 — r ez — rel 


136. 61 (4) 


U 1 z — L 1 1 — r e6 


1 T/T O /C\ 

176.2 (5) 


S3 — Fe2 — Fel 


132.14 (4) 


/~^oo /^O 1 CO 

C22 — C21 — S2 


115.7 (3) 


bl — he2 — bel 


0£ 

55.86 (4) 


r^^'^ r^^'\ Ty^i a 
C22 — C2 1 — H2 1 A 


1 no '> 

108.3 


S2 — Fe2 — Fel 


55.79 (4) 


CO /^O 1 TT01 A 

S 2 — C2 1 — H2 1 A 


108.4 


TT^'J T7„'^ T7^1 

l^ei — rez — rel 


1 56. zz (4) 


/^OO /^O 1 TTO 1 Fi 

Lzz — Cz 1 — Hz 1 B 


1 AO O 

108.3 


Co — Fe3 — C4 


98.7 (3) 


CO /^O 1 TTO 1 r"> 

S2 — C2 1 — H2 1 B 


108.3 


Co — Fe3 — C5 


97.6 (2) 


TT0 1 A /~1'0 1 TTO 1 TO 

H21A — C21 — H21B 


1 AT /I 

107.4 


C4 — Fe3 — C5 


92.4 (2) 


/~^o 1 /^OO /^oo 

Cz 1 — C22 — C23 


117.4 (5) 


Co — rei — oi 


1 r\A n /ox 
104./ yl) 


/^O 1 /^OO UOO A 

Cz 1 — Czz — HzzA 


1 AO A 


/~1 A T" — '> CO 

C4 — Fe3 — S3 


156.6 (2) 


C23 — C22 — ^H22A 


1 AO A 

108.0 


C5 — Fe3 — S3 


O /' TO / 1 T\ 

86.73 (17) 


i~\r\ -i f~^^ O T TO O n 

C21 — C22 — H22B 


108.0 


Co — Fe3 — S4 


1 r\/' OO /I 

106.28 (17) 


f~\r\ -f /^O O T TO OT^ 

C23 — C22 — H22B 


108.0 


C4 — Fe3 — S4 


86.26 (16) 


TTOO A /~^00 TTOOTJ 

H22A — Czz — ^HzzB 


1 AT O 

107.2 


C5 — Fe3 — S4 


156.04 (18) 


/~1'0'^ /~100 CI 

C22 — C23 — SI 


1 1 T A /0\ 

117.0 (3) 


S3 — Fe3 — S4 


85.15 (5) 


/"'O O /^O O T TO O A 

C22 — C23 — H23A 


108.0 


Co — Fe3 — Fe2 


149.7 (2) 


CI /^OO TTOO A 

SI — Cz3 — ^Hz3A 


1 AO A 

108.0 


C4 — Fe3 — ^l:"e2 


102.81 (19) 


O O O O T T'O O T~> 

C22 — C23 — ^H23B 


1 AO A 

108.0 


C5 — Fe3 — ^Fe2 


1 AO C C /I TN 

102.55 (17) 


CI O O T T^ O TO 

SI — C23 — ^H23B 


1 AO A 

108.0 


S3 — Fe3 — Fe2 


c A O O / >i \ 

54.82 (4) 


T TO O A /^O O TTOO Tl 

H23A — C23 — H23B 


107.3 


C A J7^1 77 „ 

S4 — re3 — rez 


54.77 (4) 


/^OO /^O 1 CO 

C32 — C31 — S3 


117.1 (4) 


C/ — re4 — Co 


95.7 (2) 


^"31 /^■l 1 XT'! 1 A 

C 32 — C3 1 — Hi i A 


1 AO A 

iOo.O 


C7 — Fe4 — Cy 


AO C /0\ 

98.6 (2) 


S3 — Ci 1 — H3 1 A 


1 AO A 

108.0 


C8 — Fe4 — C9 


92.1 (2) 


t -f i~\ -) 1 T TO 1 T~> 

C32 — C31 — H31B 


108.0 


C7 — Fe4 — S5 


AO A{\ / 1 il\ 

98.40 (16) 


CO /~^0 1 TT01T> 

S3 — C31 — H31B 


1 AO A 

108.0 


C8 — Fe4 — S5 


88.53 (17) 


Hi 1 A — Ci 1 — Hi IB 


107.3 


C9 — Fe4 — S5 


1 /"O OT /I /'A 

162.87 (16) 


/^OO /"'OO /"'O 1 

C33 — C32 — C31 


115.0 (4) 


C7 — Fe4 — So 


AO AC / 1 0\ 

98.05 (18) 


/^OO /"'OO TTOO A 

C33 — C32 — ^H32A 


1 AO C 

108.5 


C8 — Fe4 — So 


1 £.C / 1 A\ 

165.65 (19) 


Ci 1 — Ci2 — Hi2A 


1 AO C 

108.5 


C9 — ^Fe4 — So 


89.92 (18) 


Cii — Ci2 — ^Hi2B 


1 AO C 

108.5 


S5 — Fe4 — S6 


85.43 (5) 


/~\ -7 1 /"lO O TTO OTO 

C3 1 — C32 — H32B 


108.5 


i~^n T7^A T7^C 

C7 — Fe4 — Fe5 


140.97 (16) 


TTOO A /"^OO TTOOT~) 

H32A — C32 — H32B 


1 c\n c 

107.5 


C8 — Fe4 — ^Fe5 


110.52 (19) 


C32 — C33 — S4 


1 1 C O /OS 

115.8 (3) 


/^C\ T7^/l T7^C 

C9 — Fe4 — FeD 


108.46 (16) 


C3z — C33 — H33A 


1 AO I 

108. i 


S5 — Fe4 — Fe5 


55.67 (4) 


C /I /"'OO TTOO A 

S4 — C33 — H33A 


108.3 


S6 — Fe4 — Fe5 


55.53 (4) 


/"^ O O O O TTOO n 

C32 — C33 — H33B 


108.3 




94.36 (15) 


cs A /~ioo TTO on 

S4 — C33 — H33B 


1 AO O 

108.3 


C92 — ^re5 — S7 


AO AO / 1 

92.93 (16) 


TTOO A /"^OO TTOOT^ 

H33A — C33 — H33B 


1 AT /I 

107.4 


C O T*^ C CT 

S8 — Fe5 — S7 


O C C\ A /C\ 

85.94 (5) 


/"'CO /"' C 1 cc 

C52 — C51 — S5 


115.5 (4) 


C92 — Fe5 — So 


1 AC £. /I ^\ 

105.36 (16) 


r^c^ r^c'\ TTC1 A 

C52 — C51 — H51A 


1 AO A 

108.4 


CO T7^C C iC 

So — rCD — bo 


160. 16 (5) 


bj — C5 1 — H5 i A 


1 AO A 

lOs.4 


S7— Fe5— S6 


90.81 (5) 


C52— C51— H51B 


108.4 


C92— Fe5— S5 


100.88 (16) 


S5— C51— H51B 


108.4 


S8— Fe5— S5 


93.09 (5) 


H51A— C51— H51B 


107.5 


S7— Fe5— S5 


166.19(5) 


C53— C52— C51 


116.1 (5) 


S6— Fe5— S5 


85.43 (5) 


C53— C52— H52A 


108.3 
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C92 — re5 — ^e4 


£0 1 A /I C\ 

68.29 (15) 


/^C1 /^C^ TTC1 A 

C5 1 — C5z — H5zA 


1 AO "? 

108.3 


S8 — Fe5 — Fe4 


137.38 (5) 


C53 — C52 — ^H52B 


108.3 


S7 — ^Fe5 — ^Fe4 


131.59 (4) 


Z~1C1 f^C^ TTC^T> 

C5 1 — C52 — ^H52B 


1 AO ■I 

108.3 


so — he5 — be4 


cc £:o /A\ 

55.68 (4) 


H52A — C52 — ^H5irJ 


1 AT A 

107.4 


S5 — re5 — l^e4 


55.53 (4) 


C52 — C53 — S6 


116.1 (3) 


/^n'l T7^C TT^ZT 


134.41 (15) 


/^Cl r~^Z1 TTCO A 

C52 — C53 — H53A 


1 AO 1 

108.3 


S8 — Fe5 — ^Feo 


/'T 

55.67 (4) 


S6 — C53 — ^H53A 


1 AO T 

108.3 


S7 — Fe5 — Feb 


55.51 (4) 


C52 — C53 — H53B 


108.3 


So — Fe5 — Feo 


106.85 (5) 


CzT Z^CT TTCTT) 

iS6 — L53 — H53B 


1 AO 1 

108.3 


S5 — Fe5 — Fe6 


1 1 T A A / A \ 

113.00 (4) 


H53A — C53 — H53B 


107.4 


Fe4 — Fe5 — Feo 


1 A^ /"IN 

157.06 (3) 


/~^T^ Z*^ "7 1 PT 

C72 — C71 — S7 


1 1 T 1 Z'>\ 

117.1 (3) 


T7^/r /^I'l 


AT A /1\ 

97.9 (2) 


C7z — L7 1 — H7 1 A 


1 AO A 

108.0 


Cll — Feo — Cll) 


92.6 (2) 


CT Z^TI TTT1 A 

S7 — C71 — H71A 


1 AO A 

108.0 


CI 2 — Feo — CIO 


96.4 (2) 


C72 — C71 — H71B 


1 AO A 

108.0 


Cll — Feo — S7 


86.36 (17) 


CT Z^TI TTT1T1 

S7 — C71 — H71B 


108.0 


C12 — Feo — S7 


1 AO /IT /I z'N 

103.47 (16) 


T TT 1 A Z^T 1 T TT 1 

H71A — C71 — H71B 


107.3 


CIO — Feo — SI 


1 ZT A 1 A / 1 T\ 

160.10 (17) 


C71 — C72 — C73 


11c 0 //I \ 

115.8 (4) 


Cll — Feo — b8 


154.33 (17) 


/"'Tl /~^n^ TTT^ A 

C7 1 — C7z — H7zA 


1 AO '> 

108.3 


C12 — Feo — S8 


1 AT /"> /I TX 

107.63 (17) 


C73 — C72 — H72A 


108.3 


CIO — Feo — b8 


87.73 (17) 


C7 1 — C7z — H7zB 


1 AO "? 

108.3 


Tl ^/l CO 

a7 — Feo — s8 


OA nn / c\ 
WJl (5) 


C73 — C72 — H72B 


1 AO '? 

108.3 


Cll — Feo — Fe5 


1 A 1 f\A /I 

101.04 (17) 


H72A — C72 — H72B 


1 AT /( 

107.4 


C12 — Feo — Fe5 


1 /I A Z'/' /I C\ 

149.66 (15) 


C72 — C73 — S8 


116.7 (3) 


CIO — Feo — Fe5 


1 AzT 1 /I zr\ 

106.21 (16) 


Z^T^ Z^TI TTT? A 

C72 — C73 — H73A 


1 AO 1 

108.1 




54 75 (A\ 


CO rvi tT73 A 


108 1 


S8— Fe6— Fe5 


54.59 (4) 


C72— C73— H73B 


108.1 


C23— SI— Fe2 


114.61 (16) 


S8— C73— H73B 


108.1 


C23— SI— Fel 


108.34(17) 


H73A— C73— H73B 


107.3 


Fe2— SI— Fel 


68.67 (4) 


091— C91— Fe2 


165.4 (4) 


C21— S2— Fe2 


115.47 (16) 


092— C92— Fe5 


166.8 (4) 
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